The large marine gastropod, Charonia lampa8 (Tritonalia 8auliae), is known to be a source of glucosulphatase (Soda & Hattori, 1933) , arylsulphatase (Soda & Egami, 1933) , chondrosulphatase (Soda & Egami, 1938) , myrosulphatase (Ishimoto & Yamashina, 1949) , cellulose polysulphatase (Takahashi & Egami, 1960) and steroid sulphatase (N. Takahashi & F. Egami, unpublished observation) . Takahashi (1960a, b, c) has shown that cellulose polysulphate, containing glucose residues sulphated at positions 6 and 2 and/or 3, can be degraded to glucose by the combined action of cellulose polysulphatase, a polysaccharase and glucosulphatase, all of which are present in crude extracts of the liver of Charonia. It was suggested that cellulose polysulphate was first partially desulphated by cellulose polysulphatase, ester sulphate bonds at positions 2 and 3 being preferentially attacked. Subsequently the polysaccharide chain of the partially desulphated product was degraded by the polysaccharase to yield glucose and glucose monosulphates (principally the 6-0-sulphate) and, finally, the glucose monosulphate residues were desulphated by glucosulphatase, an enzyme which preferentially attacks glucose 6-0-sulphate.
The present work describes the activity of a cellulose polysulphatase preparation, from which the associated polysaccharase has been removed, towards a number of polysaccharide sulphate esters, and provides additional support for the suggestions of Takahashi (1960a, b, c) .
MATERIALS AND METHODS
Enzyme preparation. The cellulose polysulphatase of Charonia liver was concentrated and separated from associated polysaccharases, by a method based on the procedures described by Takahashi (1960a, b) . All operations were carried out at O0. The fresh liver of Charonia (20 g.) was macerated in 100 ml. of 0 1 m-sodium acetate-acetic acid buffer, pH 6-0. The suspension was centrifuged, and sufficient acriflavine was added to the clear supernatant to give a final concentration of 1% (w/v). Precipitated material was separated by centrifuging and chilled ethanol was added (with stirring) to the clear supernatant until the concentration of ethanol was 70 % (v/v). The resulting precipitate was separated by centrifuging and dissolved in 50 ml. of water. The solution was dialysed overnight and insoluble material was removed by centrifuging. Sufficient m-sodium acetate-acetic acid buffer, pH 5-2, was added to the clear supernatant to give a final buffer concentration of 0*01m and 8-0 ml. of the solution (containing 37 mg. of protein, as determined by the method of Lowry, Rosebrough, Farr & Randall, 1951) was passed through a column (0.7 cm.' x 30 cm.) of carboxymethylcellulose (approx. 3g. of adsorbent, buffered with 001M-sodium acetate-acetic acid buffer, pH 5.2). The column was then washed with 100 ml. of the 0-01 x-acetate buffer before applying, from a 250 ml. mixing chamber, a buffer gradient increasing from 00O1M, pH 5-2, to 0 5M, pH 6X0. The flowrate was 2 ml./hr. and the eluate was collected in 5 ml. fractions. The enzyme was eluted within the range 01-0-2M-buffer (cf. Takahashi, 1960b ) and the appropriate fractions were pooled and dialysed against water before freeze-drying. The final preparation containe darylsulphat- ase (20-fold purification), glucosulphatase (160-fold purification) and cellulose polysulphatase (sixfold purification) but was now free from polysaccharases (see Takahashi, 1960b ).
Poly8aceharide sulphate8. Potassium salts of the polysulphate esters of cellulose, amylose and glycogen were prepared by sulphation of the parent polysaccharides with chlorosulphonic acid in the presence of pyridine as described by Traube, Blaser & Lindemann (1932) . The S content of these and other polysaccharide sulphates are recorded in Table 1 . Potassium cellulose sulphate (S content, 12-5%) was prepared by partial enzymic desulphation of the polysulphate (S content 18-0%) with the Charonia cellulose polysulphatase preparation as described by Takahashi (1960c) . Potassium cellulose polysulphate (15 mg.) was incubated at 370 for 20 hr. with 5 ml. of the enzyme preparation and a few drops of chloroform, the whole being adjusted to pH 6-0 with 0-1M-sodium acetate-acetic acid buffer, pH 6-0. The reaction mixture was then boiled and centrifuged and the clear supernatant thoroughly dialysed before freeze-drying.
Potassium cellulose sulphate (S content 6-8%) was prepared by hydrolysis of 300 mg. of potassium cellulose polysulphate with 30 ml. of 0-1 x-H2SO4 for 30 min. at 1000.
The reaction mixture was then neutralized with BaCO5, precipitated material was removed by centrifuging and the clear supernatant thoroughly dialysed before freeze-drying.
The potassium salts of charonin sulphate (S-rich fraction) and charonin sulphate (S-poor fraction) were prepared from the mucous gland of Charonia by the method of Egami et al. (1955) .
Sodium dextranpolysulphate, a synthetic anticoagulant, was a gift from Dr Sasaki, Nagoya University (see Sasaki, Takemoto & Oka, 1957 Bioch. 1961, 80 POLYSACCHARIDE SULP E 385 Vol. 80 present in considerable amounts in the mucous gland of Charonia, can be regarded as one of the natural substrates of the enzyme.
Concerning the effect of the position of sulphate bond, Takahashi (1960c) suggested that cellulose polysulphatase preferentially attacks ester bonds at the 2-and 3-positions, and glucosulphatase attacks preferentially 6-position ester bonds. The slow hydrolysis of enzymically desulphated cellulose sulphate may be explained by the relative resistance of 6-sulphate ester to the enzyme. The rapid hydrolysis of acid-hydrolysed cellulose sulphate cannot be yet explained. Possible explanations are that acid hydrolysis splits preferentially 6-ester bonds resistant to cellulose polysulphatase, or that the molecule has undergone some degree of depolymerization enabling it to be attacked by both cellulose polysulphatase and glucosulphatase.
The greater rate of hydrolysis of charonin sulphate (S-rich fraction) as compared with charonin sulphate (S-poor fraction) can be attributed to the difference in structure of the polysaccharide part. The former consists essentially of a ,B-glucosidic cellulose-like structure, whereas the latter possesses both c.-and fl-glucosidic bonds (Egamni et al. 1955; Nakanishi, Takahashi & Egami, 1956 
